Introduction
This work was undertaken in an attempt to find what must be the minimum strength in a loop of wire cable when towed at a given speed by two towboats a given distance apart. To solve the problem it was necessary to determine the tension in the cable at the towboats. Mathematical expressions are derived from which the maxmum tension may be computed for a prescribed loop of cable. The method developed is used to determine the tension in a particular case.
Analysis
In the following approximate solution, we suppose that the weight of the cable is negligible compared to its drag so that the cable may be treated as being in a horizontal plane.
For the laws of force on the cable, we make the same physical assumptions as in 
The element ds of the cable at P is in equilibrium under the action of the system of forces comprising the force R sin 8 if> ds normal to the cable, the force F ds along the cable, and the tensions T and T + dT. Resolving these forces along the cable we obtain the equation
which may be integrated to give
where T is the tension of the cable at the origin. Resolving also at right angles to the cable we obtain
Eliminating ds from equations (2) and (4) log T/T --Jcat (6) Also, eliminating ds between (1) and (2) Also (6) becomes log t = -|-dot 4 (9) and changing the variable of integration from T to t in (7), it becomes y = -j j sin dtp£ J sin $ dt =^-^j -j sin $ dt, by (8) Hence y/s = j-~\ sin $ dt (10) Equations (8), (9) and (10) are the mathematical expressions from which T may be calculated in any given case. For a given value of R/F, sin $ in (10) is given as a function of t from (9) . The integral in (10) may then be evaluated numerically or graphically, giving y/s as a function of t. But by (8) T/Fs is also given as a function of t. Thus equations (8), (9) and (10) Then R/F = .27/. 006 = 45 and y/s = 500/1800 = .278. Fig. 2 is a plot of Fs/T as computed from (8) against corresponding values of y/s as computed from (9) and (10).
From Fig. 2 A diagram of the apparatus used is shown in Fig. 1 The readings obtained are shown plotted as angle against speed in Fig. 2 for a series of steel rods, and in Fig. 3 for a brass rod 4 ft. in length. The curves were computed for a rod of infinite length on the assumption that the normal force per unit length is given by R sin From Fig. 2 it is seen that the experimental spots approach the computed curve with increasing rod length. The hump determined by the spots for the four foot rod over the range 1.5 to 2.5 ft. /sec. was correlated with a maximum lateral vibration of the rod. A less pronounced hump for the three foot rod over the range 2.2 to 3.2 ft. per sec. is of the same origin. These facts imply that the stream impresses upon the rod an oscillating force whose frequency increases with the speed.
For the shorter rod, which had a higher natural frequency, reached a condition of maximum vibration (resonance) at a higher speed. For further verification a four foot brass rod (Fig. 3) was tested. Since the elastic modulus for brass is 7 7
1.3 x 10 , and that for steel is 3.0 x 10 , while the masses are in the ratio of 9 to 8, the ratio of the resonance frequency of brass to that of steel is *£ x -*-= 0.62. Consequently the hump should occur at a lower speed for brass, as is observed to be the case. Some residual vibration was observed to the highest speeds. To this may be attributed the small but uniform deviation of the spots from the computed curve in Fig. 3 .
Conclusion:
In agreement with the results of Relf and Powell, the function R sin -ivj>4oziyoH hjjm aoy jo 3"ionv
